Objectives: This study aimed to investigate the levels of eleven oral species in plaque samples and cytokine levels in biofluid samples of patients with idiopathic uveitis (IU) and systemically healthy individuals (H) with or without gingival inflammation.
Introduction
Uveitis is an inflammatory disease involving the pigmented vascular coat of the eyeball (iris, ciliary body and choroid) and is a major cause of severe visual impairment with the 10-15 % of total blindness and its incidence in the USA was reported as 52.4/100.000 people per year (Gritz and Wong, 2004) . Idiopathic uveitis (IU) is an isolated type of autoimmune uveal inflammation that may occur without any accompanying autoimmune mediated diseases. It has recently been shown that Th17 cells and interleukin-17 (IL-17) may have an important role in the pathogenesis of the IU (Sun et al. 2015) and the inflammatory process is mainly driven by Th17 cells and is sustained by pro-inflammatory cytokines such as, tumour necrosis factor-alpha (TNF-α), IL-10, IL-1β and IL-6 (Selmi, 2014) . IL-17 is potentially an important mediator in periodontal immunopathology due to its pro-inflammatory and bone resorptive activities and furthermore, it has been demonstrated that, IL-17 producing cells are related to severity of gingival inflammation (Cheng et al., 2014) . Gingivitis is a very common chronic inflammatory status of the periodontium, in which oral microbiota is the primary etiological factor (Colombo et al., 2009 ). High levels of IL-17A were reported in gingival crevicular fluid (GCF) of periodontitis patients (Vernal et al., 2005) . Consequently, in patients with periodontitis, the association of the increased GCF levels of IL-17 and the presence of Porphyromonas gingivalis in the subgingival biofilm has been reported (Zenobia and Hajishengallis, 2014). IL-10 shows a critical protective role by balancing IL-17 and Th17 pathway in order to prevent immunopathology i.e. caused by oral microbiota in periodontal disease (Moretti et al., 2015) . Pro-inflammatory cytokines TNF-α and IL-6 are involved in Th1 and Th2 driven responses, respectively and both are related to gingival inflammation (Garlet, 2010) .
Uveitis is more frequently diagnosed in young adults and so is gingivitis (Prete et al., 2014) .
Therefore, increased IL-17 receptor signalling and elevated production of mediators may shift the acute inflammatory state to chronic persisting inflammatory status, which then may potentially cause inflammation mediated tissue destruction. To date, the relationship between oral microbiota, gingival inflammation in the presence of IU has not been investigated. The hypothesis of this study is that the inflammatory cytokine levels in biofluids and the levels of certain bacteria in dental plaque are elevated in the presence of IU particularly when there is accompanying gingival inflammation. Hence, the aim of the present study was to investigate the levels of eleven oral species in plaque samples, IL-17, IL-6, IL-10 and TNF-α levels in GCF, saliva and serum samples of patients with IU and also systemically healthy individuals.
Materials and Methods

Study population
Twenty-one patients with IU and twenty-two systemically healthy individuals followed by Exclusion criteria were; presence of immunologic diseases and infectious pathologies diagnosed by physical inspection and serologic tests, autoimmune diseases including Behçet disease, ankylosing spondylitis, multiple sclerosis, rheumatoid arthritis, sarcoidosis, pregnancy, lactation, usage of antibiotics or anti-inflammatory, immunosuppressive drugs including biologic agents within the last 6 months, current smoking and smoking within the past 10 years. The comparison group consisted of systemically healthy individuals. Upon confirmation of eligibility for enrolment in the study, all individuals returned to the clinic for clinical periodontal measurements including probing depth (PD), clinical attachment level (CAL), plaque index (PI) (Silness and Löe, 1964) and gingival index (GI) (Löe, 1967) .
Clinical periodontal measurements were performed at 6 sites on each tooth (mesio-buccal, mid-buccal, disto-buccal, mesio-lingual, mid-lingual and disto-lingual locations), except for third molars, using a manual periodontal probe (Williams, Hu-Friedy, Chicago, IL, USA) by a single calibrated examiner (AA).
Patient selection was based on clinical and radiographic criteria proposed by the 1999
International World Workshop for a Classification of Periodontal Disease and Conditions (Armitage, 1999) . Diagnosis of gingivitis was assigned when BOP scores exceeded 50 % of all sites, PD < 3 mm at 90% of the measured sites and no more than one site had a PD > 4 mm or CAL ≤ 1 mm, with no clinical and/or radiographic sign of periodontitis.
Biofluid sampling
GCF samples were obtained by filter paper strips (PerioPaper, ProFlow, Amityville, NY) from the buccal aspects of two interproximal sites (PD < 3 mm, CAL ≤ 1 mm) with obvious plaque accumulation and visible signs of inflammation (except for the controls) at singlerooted teeth and at least one multi-rooted tooth from each individual. First, supragingival plaque was removed carefully by sterile curettes and the surfaces were gently air-dried and isolated from saliva by cotton rolls. Then filter paper strips were placed into the gingival sulcus for 30 seconds. Care was taken to avoid mechanical trauma, and strips visually contaminated with blood were discarded. The absorbed GCF volume was estimated by a calibrated instrument (Periotron 8000, Oraflow, Plainview, NY). The two strips from each patient were placed into one polypropylene tube and frozen immediately.
All salivary samples were collected in the morning between 8:00 am and 9:00 am.
Participants were asked to avoid oral hygiene measures (flossing, brushing and mouthrinses), eating, and drinking 2 h prior to saliva sampling. All individuals were asked first to rinse their mouth with distilled water for 2 min, wait for 10 min and then expectorate into sterile 50 ml tubes for 5 min.
A total of 5 ml of venous blood were taken into a silicone-coated tube (BD Diagnostics, Franklin Lakes, NJ) by a standard venipuncture method. Once collected, the samples were left at room temperature to allow blood clotting, and then centrifuged for 15 min at 1500 x g at +4°C to remove the fibrin clot and cellular elements.
All biofluid samples were taken before clinical periodontal measurements and immediately frozen and stored at -80°C.
Microbiologic Plaque Sampling and Processing
Approximately 15 minutes after GCF collection, subgingival plaque samples were collected from the interproximal sites of the same sampling teeth by using standardized #30 sterile paper points. A sterile paperpoint was inserted to the base of the sulcus, left there for 10s and then removed gently. Maximum care was taken not to provoke any bleeding in the adjacent tissues. The two plaque samples from each individual were pooled in a dry Eppendorf tube, and kept at -80°C. 
Statistical analysis
The statistical analyses were conducted using commercially available statistical software (SPSS Inc. version 21 IBM, Chicago, USA) and statistical significance was considered at p=0.05.
A statistical power calculation was based on the assumption of log normally distributed data.
With an alpha = 0.5 a predicted mean difference equal to the pooled standard deviation the minimum n=17 in each group was required to achieve 80% statistical power. Following Q-Q plot analysis the data was found to approximate a log normal distribution.
The t-test was used to evaluate the differences between group means of the log transformed data. Weighted least squares regression analysis on Univariate tests (t-tests) was performed in a general linear model to correct for potential confounding factors (PI and GI). After randomisation of the data, a two-step cluster analysis was performed. Parameters such as age, and clinical, biochemical, and bacterial data were added to the analysis as continuous variables and the gender and diagnosis as categorical variables. This procedure was followed by ANOVA and Bonferroni or Tamhane post-test depending on the result of a Levenes' test comparing group variances.
The differences in bacteria detected in the study groups were investigated by the analysis described above, represented graphically as a summation plot of the percentage of each bacterial species of the total microbes detected in the assays and by a principal component analysis (PC analysis). A PC analysis is a non-parametric statistical procedure that was used to convert the log copy numbers of each microbe (a set of possibly correlated variables) into orthogonal linearly uncorrelated variables, for each microbe data set by subtracting the mean, dividing by the standard deviation rotating in space and plotting the two greatest variance levels (PC1 & PC2) on a Cartesian diagram.
Correlation between the clinical parameters and the microbial analysis and between GCF, salivary and serum biochemical data were evaluated with Spearman rho rank correlation test. Table 1 reports demographic variables and periodontal parameters of the study groups. There were no significant differences between the groups for gender, age and clinical periodontal parameters apart from the plaque and gingival index. Differences in gingival inflammation levels were compensated for in a weighted analysis of the clinical and biochemical data.
Results
Periodontal clinical findings
Cytokine measurements
The number of samples with cytokine levels below the detection limits were as follows; for TNF-α; 5 samples (4 healthy, 1 IU; 13%) in GCF and saliva, 2 samples (1 healthy, 1 IU; 5%) in the serum, for IL-6; 2 samples (1 healthy, 1 IU; 5%) in GCF, for IL-17A/F; 4 samples (3 healthy, 1 IU; 10%) in GCF.
GCF total amounts, serum and salivary TNF-α, IL-17A levels, and IL-17A/IL-17E, IL-17A+F+A/F/IL-17E ratios were higher in the IU group than the systemically healthy controls (p<0.05) (Figure 1-3) . Similarly, GCF concentrations of IL-17A, IL-17F, IL-17E, IL-10 and TNF-α were higher in the IU group than the systemically healthy controls (p<0.05) (Figure 1-3 ).
GCF total amounts and concentrations and serum IL-6 levels, salivary IL-17F levels and salivary, serum IL-17A/F levels were higher in the IU group than the systemically healthy individuals (p<0.05) (Figure 1-3) . However, serum IL-10 and IL-17E levels and GCF concentrations of IL-17E were significantly higher in the systemically healthy individuals than the uveitis group (p<0.05).
The two-step cluster analysis resulted in separation into 3 clusters. Cluster 1 consisted mainly of healthy participants with gingivitis, cluster 2 were all healthy participants and cluster 3, the largest grouping, all had uveitis, but in the presence and absence of gingivitis: cluster 1 
Discussion
It is suspected that environmental factors (microbial) and/or sustained pro-inflammatory cytokines might impair the balance of the ocular immune system by stimulating the auto reactive T cells and further causing ocular immunopathology. To the best of the authors' knowledge, this is the first study to examine the possible association between IU and oral microbiota in plaque and biomarkers in biofluids in regards with gingival inflammation.
Uveitis is more frequently diagnosed in young adults and so is gingivitis (Prete et al., 2014 ).
An important limitation of the present study is the lack of participants enabling subgroup analysis based on the clinical periodontal status (periodontally healthy vs gingivitis) in the analysis. The inclusion of such subgroups in the analysis was avoided to prevent an underpowering of the analyses. However, a two-step cluster analysis of the data defined 3
clusters. The cluster analysis indicated that the participant diagnosis was the most important predictor for cluster formation. This was followed by certain biofluid cytokine levels (such as the GCF IL-17A:IL-17E ratios) and the presence of certain microbes such as A. naeslundi.
Cluster 1 consisted mainly of healthy participants with gingivitis, cluster 2 -healthy participants and cluster 3, all had uveitis, but with or without gingivitis. The presence of inflammation, as indicated by the increased levels of several pro-inflammatory cytokines and decreased levels of anti-inflammatory cytokines, may have had a pronounced influence on the formation of clusters 1 and 3. Whether this shows that the presence of uveitis was the major driving factor in the inflammatory process and formation of cluster 3 is moot. These clusters were tested by ANOVA and provided further support for the major findings of the IU group versus healthy group comparisons (t-test).
Nevertheless, the present study indicates elevated cytokine profiles in biofluids of the IU patients compared to those of the systemically healthy controls. TNF-α plays a key role in the pathogenesis of many inflammatory diseases and has been found at high concentrations both in the aqueous humour and in the serum of patients with uveitis (Perez-Guijo et al., 2004).
Similarly, in the present study TNF-α were higher in serum as well as GCF and saliva of IU patients compared to systemically healthy controls. In this study, the participants were free of periodontitis, it might be suggested that regulation of the immune response is impaired because of reduced circulating levels of IL-10 and IL-17E and this might pose a risk for future periodontal disease progression. However, when GCF levels of IL-10 were calculated local production of this molecule was greater in IU.
Whether this suggests that local protective levels to the oral microbiome was not impaired in patients with IU is yet to be elucidated. forsythia, and V. dispar in sulcal and subgingival plaque of patients with IU (red dots) and systemically healthy controls (black dots). A non-parametric statistical procedure; PC analysis was used to convert a set of possibly correlated variables into orthogonal linearly uncorrelated variables, for each data set by subtracting the mean, dividing by the standard deviation rotating in space then plotting on a Cartesian diagram the two greatest variance levels (principal components) obtained for each data set. 
